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(57) Abstract 

An electxosuigical 
generator (11) contn^ 
responds to tissue 
impedance between active 
and letum electrodes (12 
and 13) during defecation. 
Active and letum generator 
leads supply eneigy (25) 
and a user contitil (16) sets 
dw level of energy (25) 
desired fiar dectrosoigeiy. 
Vdtage and cunent sai»qg 
cixcnits (19) le^nd tt> high 
ficequency eoeigy (25) in 
the leads to signal voltage 
and cunent in the leads. A 
multiplier (21) receives the 
sigDfds to calculate power. 
A dodc (23) sets units of 
dme during which power 
calculation. An integiatox 

(24) calculates the eneigy 

(25) supplied through the 
Leads per time unit Ibe 
user control (16) sets a 
leferenoe signal (26) for the 

enngy (25) level desired. A correlation circuit (27) receives the eneigy (30) calculations from the integrator (24) and the reference signal 

(26) and provides a feedbadc signal (28) to indicate when the eneigy (25) calculation equals die user control (16) setting for altering the 
generator supply of eneigy (25) to the leads. A counter (38) assesses the number of padcets of energy (40) delivered against a setting of 
die user control (IQ and the total exsugy (29 delivered is a fonctioo of multiple packet sequences containing pulses wherein the time 
between die pulses is controlled by die user connol (16). Ibe metfiod uses die automadc control (10) in measuring impedance during 
tissue desiccation and altering the output of an efectrosuigical generator (1 1). 
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AUTOMATIC CONTROL FOR ELECTROSURGICAL GENERATOR ENERGY 

1. Held of the Invention 

10 An automatic control for an electrosurgical generator measures energy 

ddivered and, in particular, permits the operation of the electrosurgical generator dxiring 
electrosurgical tissue desiccation. Surgeons find that manual operation by hand or foot 
acthrated switdiing can cause eaccessive surgical energy deliveiy resulting in over diying the 
tissue at the surgical site. 

IS Surgeons have tried to deal with energy application by adjusting the basic power 

levd of the electrosurgical generator and using the hand or foot switdi to control the 
power applied over tuna Unfortunatdy, that technique often leads to imintoided power 
ddivery or undesired duration of power deliveiy to the surgical site. Surgeons also 
experience difficulty in repeatabfy and/or consistently desiccating tissue to the desired levels 

20 due to the limits of their human reaction tune or machine response time when manual or 
foot activated switches are used for manual control. In addition, during endoscopic 
procedures, surgeons lose some visual and tactile indications of desiccation progression. 

2. Background of the Disclosure 

As a result of manual operation problems, several attempts to provide 
25 automatic generator operation when surgical forceps contact patient tissue have been 

patented. U.S. patent 2,827,056, German patent 1,099,658, German patent 28 23 291 

desoibe drcuits which place a direct current potential across the surgical forceps. 

Placement of the forceps across patient tissue causes a small DC current to flow 

therethrough. Direct current flow causes activation of a relay circuit enabling the higher 
30 power radio firequenqp cnexgf to flow into the patient's tissue for surgical effect Selecting 

fixed resistance values, within the circuits, det^mine the tissue impedance level below 

which radio frequency energy activation occurs. 

German Patent DE 25 40 968 describes a circuit \^ich uses a low-firequen^ 

measurement cunent to determine relative patient tissue impedance; low frequen^ current 
35 flow within a specified amplitude range turns on generator high frequency power for 

surgical effect That circuit also includes a time delay relay for controlling time between 
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application of fbiceps to patient tissue and subsequent generator operation. 

Subsequent patents addressed the need for automatic turn off capability during 
bipolar desiccation procedures. German patent DE 31 20 102 Al describes a drcuit which 
monitors the differential quotient (time derivative) of patient tissue impedance to detennine 
5 when to turn off radio frequency power deliveiy; a point of zero time derivative is sdected 
to turn off power deliveiy, German patent DE 29 46 728 Al describes a circuit vUch turns 
radio frequency power off after an adjustable, but fixed time dday« German patent DE 35 
10586 describes a drcuit which uses a low^frequen^ control current or low level generator 
radio frequency current source and a current level monitor to turn on generator radio 
10 frequency power for surgical effect The drcuit also monitors the generator output voltage 
for third harmonic content generated when desiccation completes and sparking begins to 
cause harmonic frequency generaticm to turn off generator radio frequency power. It is a 
device which measures current flowing through the tissue and f(»ms a digitized dgnal of 
current level The signal and the mantial activation are combined to operate the device. 

15 

VS. patent 4,860^745 discusses the problems encountered vfhen turning off radio 
frequency power based upon measurements of the time derivatWe of patioit tbsue 
impedance and, instead, presents a drcuit which turns off generator radk) frequency power 
based upon fixed fractional changes in the amount of radio frequency current delivered to 

20 the patient tissue during desiccation or based upon generator sparking and harmonic 
frequency generation. A peak detector circuit examines the peak current at the forcq>s and 
a second drcuit which monitors the decreasing current during coagulation. Measured 
current leveb are converted to voltages within the drcuits. The voltages, thus measured, 
control the electrosurgical generator which is turned off when a fraction of the peak current 

25 is greater than the current measured which flows through the tissue during coagulation. If 
the current flowing through the tissue is greato: than the fraction^ then the output of the 
electrosurgical generator is continued untQ it is less. 

German patent 2,455,174 is directed to a switdi and relay so when the doctor 
operates the switch, vAdoh is normal^ dosed; it enables ESU control. Opening the switdi 

30 activates a relay \Adch operates the electrosurgical generator when the impedance value 
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between the forceps is mthin a predetemiined range. Tliese cdaims are avoided sinoe we 
have no switdi and relay. Also required is a manually activated svntdi to operate the relay. 
The switch is on the handle of the forceps. 

VS. Patent 4,6S8»819 discloses a circuit wherdn the power delivered to the 
5 electrode is a function of the voltage from a DC suppfy and the load as measured by 
sensors of load voltage and current A microprocessor controller digitizes the sensing 
signals and computes the load hnpedance and actual power being delivered The 
microprocessor controller accordingly repeats the measurement, calculation and correction 
process approximately as long as the generator is operating. U.S. Patent 4372315 discloses 

10 a circuit which measures impedances after delivering a set number of radio frequency pulses 
on a pulse burst by pulse burst basis. U.S. Patent 4321,926 has a feedback system to 
control dosage but the impedance sensing is not on a real time basis. U.S. Patents 
3,964,487, 3,980,085, 4488,927, and 4,092,986 have drcuitiy to reduce the output current 
in accordance with increasing load hnpedance. In those patents voltage output is 

15 maintamed constant while the current is deceased with mcreasmg 1^ UJS. 
Patent 4,094320 has a circuit that respcHids to impedance changes as measured by sensing 
current in the active and return leads. The sensed currents are subtracted &om one 
another and if that exceeds a variable threshold the generator is turned oGL Thevariable 
threshold is a function of power level and leakage current through stray capadtanca 

20 No drcuitiy has been known to automatically control the energy applied by 

comparing a basic user setting of power level desired to the actual power delivered over 
time. No automatic control is responsive to actual and desired energy delivery which are 
a function of tissue impedance. It is desired to provide consistent desiccation levels. 

SUMMARY OF THE INVENTION 

25 An automatic control for an electrosurgical generator responds to the level of tissue 

impedance between active and return electrodes of the electrosurgical generator during 
tissue desiccation. An dectrosurgical gen^ator preferably has an active lead and a return 
lead to supply high frequency electrosurgical energy, the electrosurgical generat(»r may 
include a user control tor settbig the levd of energy desired for electrosurgery. A voltage 

30 sosing circuit may respond to hi^ frequency dectrosurgjcal energy supplied by the 
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electiosurgical generator and flowing through the leads. The voltage sensing ciiciiit is 
preferably csq>able of providing a agnal of voltage level between the active and return leads. 
A current sensing circuit may responds to high frequen^ electrosurgical energy supplied 
by the dectrosurgical generator and flowmg througlh the return lead, the current sensing 
5 drcuit capable of providing a signal of current leveL A multiplier receives the signals from 
the voltage and current sensing.drcuits and multiplies those dgnals together for prrferaUy 
calculating the power flowing through the leads of the electrosurgical generator. 

A clock may establish units of time during which power flow calculated by the 
multiplier is considered. An integrator most preferably calculates the energy supplied 

10 through the leads per each unit of time established by the clock based on the mstantaneous 
power calculations of the multiplier. A user control may set a reference signal indicative 
of the energy levd desired 1^ the user. A correlation drcuit preferably receives the energy 
calculations from the integrator and a reference signal in accord with the setting of the user 
control The correlatfon drcuit provides a feedback signal to indicate when the energy 

IS calculation equals the user control setting Cor altering the electrosurgical generator suppfy 
of high frequent electrosurgical energy to the active and return leads. 

The correlation drcint is preferably a comparator to recehre the eneigy calculations 
from the integrator and a reference signal in accord with the setting of the user control 
The comparator provides a f eedbadc signal to indfeate when the energy calculatum equals 

20 the user control setting for preferably terminating the electrosurgical generator supply of 
high frequency electrosurgical energy to the active and return leads. The correlation circuit 
may alternatively be a differential amplifler to receive the energy calculations from the 
integrator and a reference signal in aocc^-d with the setting of the user control The 
difiEerential amplifier provides a feedback quantity as a measure of the difference between 

25 the energy calculations and the user control setting for matching the electrosurgical 
generator supply of high frequency electrosurgical energy to the active and return leads. 

The clock prtf erably sets units of time which are about a millisecond thus providmg 
feedback in real time to the electrosurgical generator for regulating the electrosurgical 
generator supply of high frequoicy electrosurgical enogy to the active and return leads. 

30 The integrator may calculate the energy applied over a unit of time or the area under the 
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power curve of the electrosurgical generator for each unit of time during the operation of 
the electrosurgical generator during desiccation of tissue hetween the electrodes. A bipolar 
electrode is in one form of the control connected to the active and return leads. 
Monopolar dectrodes are connected to the actwe and xetum leads in another iteration. 
S The electrosurgical graerator output is preferably terminated by altering the drive 

drcuit thereof so the supply of high firequenqr electiosur^^ raergy to the active and 
return leads is automatically adjusted The user control may have two added adjusters one 
for the number of packets of oiergy and the other for a preset level of raeigy delh^ed 
per packet 

10 A counter may be in the electrosurgical generator to assess the number of packets of 
energy delivered against setting of the adjuster of the number of packets as established by 
the user control with a second comparator. The other adjuster for energy level per packet 
is preferably a potentiometer that provides a direct current voltage as the reference signal 
for energy level The counter may be in the electrosurgical generator to assess the number 

IS of packets of energy delhrered agmnst setting of the adjusts of the number of packets as 
established by the user control with the second comparator and the total energy deUvered 
is a function of multiple packet sequences contabiing pulses wherdn the time between the 
pulses is controlled by the user control 

A method of automatic contndling an electrosuigical generator m response to the 

20 level of tissue impedance between active and return electrodes of the electrosurgical 
generator during tissue desiccation includes udng an electrosuigical generator having an 
acthre lead and a return lead to supply high frequen^ electrosurgical energy. Setting a user 
control on the electrosurgical generator at the level of energy desired for electrosurgeiy is 
in the method. The method may have providing a signal of voltage level between the active 

25 and return leads with a voltage sensing circuit responsive to high frequency electrosurgical 
energy supplied by the electrosurgical generator and flowing through the leads. Also 
providing a signal of current level with a current sensing drcuit responsWe to high 
frequency electrosurgical energy supplied by the electrosurgical generator and flowing 
througji the return lead is preferably another step. Then calculating the power flowfaig 

30 through the leads of the electrosurgical generator with a multiplier receiving the signals 
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fiom the voltage and cmrent sensing drcuits and to multiply those signals together is the 
next step. The method may require establishing units of time with a clock during the time 
wbidi fowct Qow calculated by the multiplier is considered The step of calculating with 
an integrator the energy supplied throu^ the leads per each unit of time established by the 

5 dock based on the instantaneous power calculations of the multiplio: follows. Then the 
step of setting with a iiser oontnd a reference signal indicative of the energy level desiied 
1^ the user continues the automatic oontroL Hnalty providing^ with a correlation drcuit 
connected to receive the energy calculations from the integrator and the reference signal 
in accord with the setting of the user control* a feedback signal to indicate when the energy 

10 calculation equals the user control setting allows for the step of altering the electrosurgical 
generator supply of high Grequenqr electrosurgical energy to the active and return leads in 
accord with the feedbadc signal 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 Figure 1 is a circuit diagram m schematic form of the automatic control for energy 

supplied to the patient's tissue by an electrosurgical generator v^b is responsbe to 
impedance dianges between electrodes during t&sue desiocatk>n with a comparator. 

Figure 2 is an alternate circuit diagram in schematic form of the automatic control 
for energy supplied to the patient's tissue by an electrosurgical generator which is 
20 responsive to impedance changes between dectrodes during tissue desiccation with a 
differential amplifier. 

DETAILED DESCRIPTION OF THE INVENTION 
An automatic control 10 for an electrosurgical generator 11 responds to the level 
25 of tissue impedance between active and return electrodes 12 and 13 of the electrosurgical 
generator 11 during tissue desiccation. An electrosurgical generator 11 such as the Force 
40 manufieictured and sold by Vall^lab, Boulder, Colorado has an actwe lead 14 and a 
return lead 15 to supply high bequency dectrosur^cal energy. The electrosurgical 
generator 11 includes a user control 16 preferal^ on its front panel accesdble to the doctor 
30 for setting the level of energy desired for electrosuigeiy. A voltage sensing drcuit 17» has 
an isolation transformer which acts as an inductive pidcup with its primary connected 
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between the leads 14 and IS induces the secondaiy windings to provide a voltage level 
* signal 18 and thus, responds to high firequen^ dectrosurgical energy supplied by the 

electiosurgical generator 11 and flowing through the leads 14 and 15« Tbe voltage sensing 
circuit 17 is capable of providing the voltage level signal 18» in the form of a direct current 
5 voltage thai varies, indicative of instantaneous voltage between the active and return leads 
14 and 15* A current sensing drcuit 19 responds to high frequency dectrosurgical energy 
supplied by the electrosurgical generator 11 and flowing through tbe return lead IS. The 
preferred current sensing circuit 19, made by Pulse Engineering San Diego, California, 
model PE-S16S7» is capable of providing a signal of current level 20 instantaneously passing 

10 therethrough and the current level signal 20 is in the form of a direct current voltage that 
varies. The preferred analogue multiplier 21 is supplied by Analog Devices, ADS34, 
Norwood, Massachusetts, receives the instantaneous signals 18 and 20 &om the voltage and 
current sensing circuits 17 and 19 and multiplies those signals 18 and 20 together for 
calculating the instantaneous power 22 flowing through the leads of the electrosurgical 

IS generator 11. 

A dock 23, mduding a crystal oscillator and a fiequency dhnder, establishes units 
of time during which power flow calculated by the multiplier 21 is considered. An 
integrator 24 whidi is a high speed aixq>fifler, from Analpg Devices, AD380, Norwood, 
Massachusetts, calculates the energy 25 supplied through the leads 14 and IS per each unit 
20 of time established by the dodc 23 based on the instantaneous power 22 calculations of the 
muhiplier 21. 

The user control 16 may be in the form of a knob, slider or the like and positioned 
on the front panel of the electrosurgical generator 11 (not shown) for use hy the doctor to 
set a reference signal 26 indicative of the energy level desired. A correlation circuit 27 
25 preferably receives the energy 25 as calculated from the integrator 24 and the reference 
signal 26 m accord with the setting of the user control 16. The correlation circuit 27 
provides a feedback signal 28 to hidicate when the energy 25 calculation equals the user 
control energy setting 26 for altering the electrosurgical generator 11 supply of high 
frequen^ electrosurgical energy to the acthre and return leads 14 and 15. 
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Figure 1 is a dicuit diagram in schematic fbrm of the automatic control 10 for 
energy supplied to the patient's tissue by an electrosurgical generator 11 which is responsive 
to impedance dianges betwera electrodes 12 and 13 during tissue desiccation. Tlie 
correlation circuit 27 is preferably a comparator to receive the energy 25 calculated &om 
5 the integrator 24 and the reference signal 26 in accord with the setting al the user control 
1& Hie comparator 27 provides the feedback agnal 28 to indicate wfaoi the en^gy 25 
calculated equab the user control energy setting 26 for preferably termmating the 
electrosurgical generator supply of high &equ»^ electrosur^cal energy to the active and 
return leads 14 and 15. 

10 Figure 2 is an alternate circuit diagram in schematic form of the automatic control 

10 for energy supplied to the patient's tissue by an electrosurgical generator 11 which is 
responsive to impedance changes between electrodes 12 and 13 during tissue desiccation 
with a differential amplifier 29. Ibe correlation circuit may alternatively have the 
diCferential amplifier 29 to leceWe the energy 30 calculated torn the integratcnr 24 and the 

15 reference signal 31 in accord mth the setting of the user control 16. The differential 
ampfifier 29 provides a feedback quantity 32 as a measure of the difiierence between tiie 
enorgy 30 calculated and tiie user control 16 energy 31 setting for matdiing the 
electrosurgical generator 11 supphf of hi^ fiiequency electrosurgical energy to the active 
and return leads 14 and 15. 

20 Hie clock 23 preferably sets units of time v/bidi are about a milliseocmd thus 

providing the feedback quantity 32 in real time to the electrosurgical generator 11 for 
regulating the electrosur^cal generator 11 supply of high frequency electrosurgical energy 
to the active and return leads 14 and 15. The integrator 24 may be in this alternate 
embodiment a part of a microprocessing unit such as the 80C6S2 from Signetics, 

25 Sunnyvale, California. The integrator 24 calculates the instantaneous energy 30 applied 
over a unit of time or the area under the power curve (not shown) of the electrosurgical 
generator 11 for each unit of time during ttie operation of the electrosurgical generator 11 
as tissue is desiccated between the electrodes 12 and 13. 

Tissue desiccation can be accomplished maiq^ ways with electrosuig^iy and 

30 monopolar and bipcrfar tools are available to treat tissue and produce the desiccating 
electrosuigical effect A bipolar electrode may be connected to the active and return leads 
14 and 15 in one form of the automatic control 10. Monopolar electrodes are connected 
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to the active and return leads 14 and 15 in another iteration. Topically the major 
differences between monopolar and bipolar took is the common support for the similarly 
azed electrodes used in bipolar such that the electrodes 12 and 13 are juactaposed in 
position to grasp tissue therd)etween. In monopolar conGgurations the electrodes 12 and 
5 13 are typically separated and thus bdependently supported with a smaller active electrode 
at the surgical site and a laig^ return electrode on esrtemal tissue. 

Hie electrosurgical generator 11 output is preferably terminated 1^ altering the 
drive circuit 33 thereof in Figures 1 and 2 so the supply of hi^ frequency electrosurgical 
energy to the active and return leads 14 and 15 is automatically adjusted. Figure 1 inchides 

10 a relay 34 to dkconnect and reconnect the power from the drive circuit 33. In Hgure 2 a 
high voltage control 35 regulates the output 

The user control 16 in one alternative, ag. Figure 1, may have two added adjusters 
36 and 37, one for the number of packets of energy supplied 36 to the active and return 
leads 14 and 15 and the other 37 for setting a preset level time between the padcets of 

15 energy delivered. A counter 38 such as the 74LS190 from Texas Instrumrats, Dallas, Texas 
is in the electrosurgical generator 11 to assess vrfth a second comparator 39, such as 74LS8S 
from Texas Instrument, Dallas the number of packets of energy 40 deUvered against setting 
of the adjuster of the number of padcets 36. The other adjuster 37 for time between 
energy pm^et b in the preferred embodiment of Kgure 1, a potentiometer that provides 

20 a direct current voltage as the reference signal 41 for time between packets. The counter 
38 is easily made a part of the electrosurgical generator 11 so assessmrat of the number of 
packets of energy 40 delivered against the setting of the adjuster 36 of the number of 
packets desired 42, as established by the adjuster 36, will control the total energy delivered 
by the multiple packet sequences which each contain pulses. The time between the pulses 

25 is controlled by the adjuster 37. 

A method of automatic controlling the electrosurgical generator 11 in response to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 
electrosurgical generator 11 during tissue desiccation includes using the electrosurgical 
generator 11 having active and return leads 14 and IS that supply high frequency 

30 electrosurgical energy. Setting the user control 16 on the electrosurgical generator 11 at 
the level of energy desired, either 31 or 26, for electrosuigeiy is in the method. The 
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method includes providing the signal of voltage level 18 between the active and return leads 
14 and IS with the voltage sensing dicuit 17 responsive to Ugh frequency electrosurgical 
energy supplied by the electrosurgical generator 11 between the leads 14 and 15. Also 
providing a signal 20 of current level with the current sensing circuit 17 responshre to higli 

5 frequency electrosurgical energy sun»lied fay the electrosurgical generates 11 and Downig 
through the return lead IS is a further step. Then calculating the power 22 flowfaigthrou^ 
the leads 14 and IS of the electrosurgical generator 11 urith the multiplier 21 recehdng the 
signals 18 and 20 from the voltage and current sensing circuits 17 and 19 and by multiplying 
those signals 18 and 20 together is the next step. The method requires establishing units 

10 of time with the clock 23 during which the time for power 22 flowing is calculated by the 
multiplier 21, The step of calculating with the integrator 24 the energy 24 or 30 supplied 
through the leads 14 and 15 per each unit of time established by the clock 23 and based on 
the instantaneous power 22 calculations the multiplier 21 follows. The step of setting 
with the user control 16 a reference signal 26 or 31 indicathre of the energy level desired 

15 by the user gives a datum to which the automatic control is regulated. Finalfy providing, 
with the correlation drcuit 27 or 29 connected to recede the energy calculations 25 or 30 
from the faitegrator 24 and tfie reference dgnal 26 or 31 in accord with the setting of the 
user control 16^ the fieedback signal 28 or 32 to indicate when the eneigy calculation equals 
the user control setting 26 and 31* Altering the electrosuigjcal generator 1 1 supply of Ugh 

20 frequency electrosurgical energy to the acthw and return leads 14 and 15 ui accord with the 
feedback signal 28 or 32 is the controOmg step of the method. 

In Figures 1 and 2 the Ugh voltage control and the drive for the Ugh frequency 
output are altered respective^. In the latter the drive can be tmninated. 
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5 What is daimed is: 

1. An automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 
electrosurgical generator 11 during tissue desiccatbn comprising: 

an electrosurgical generator 11 having an acthre lead 14 and a return lead 
10 15 to supply Erequenqr electrosurgical energy 25» the electrosurg^ gqnmtor 11 
inchiding a user control 16 for setting the level of energy 25 desired for electrosurguy; 

a voltage sensing drciut 17 respons^e to high firequenqr electrosurpcal 
energy 25 supplied by the electrosurgical generator 11 and flowing through the leads, the 
voltage sensing circuit 17 capable of providing a signal of voltage level between the actwe 
15 and return leads 15; 

current sensing circuit 19 responsive to high frequency electrosurgical en^gy 
25 supplied by the electrosurgical generator 11 and flowing through the return lead 15, the 
current sensing circuit 19 capable of providing a signal of current level 20; 

a multipliCT 21 to receive the signals from the voltage and current sensing 
20 circuits 19 and to multiply those signak together for calculatmg the power flowing through 
the leads of the electrosurgfeal generator 11; 

a dodc 23 for establishing units of tune during whidi power Bow calculated 
by the multiplier 21 is consklered; 

an integrator 24 to calculate the energy 25 supplied through the leads per 
25 each unit of time established by the clock 23 based on the instantaneous power 22 
calculations of the multiplier 21; 

a user control 16 for setting a reference signal 26 faidicative of the energy 
25 level desired by the user, and 

a correlation circuit 27 to receive the energy 30 calculations from the 
30 integrator 24 and a reference signal 26 in accord with the setting of the user control 16, the 
correlation circuit 27 to provide a feedback signal 28 to indicate when the energy 25 
calculation equals the user control 16 setting for altering the electrosurgical generator 11 
supply of high frequency electrosurgical energy 25 to the active and return leads 15. 
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Z The automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 
electrosurgical genmtor 11 of Qaim 1 wherein the correlation circuit 27 is a comparator 
to receive the energy 30 calculations from the ktegrator 24 and a reference signal 26 hi 
5 accord vnth the settmg of the user control 1(^ the comparator to provide a feedback signal 
28 to indicate when the eneigy 25 calculation equals the user control 16 settmg for 
terminatnig the electrosurgical generator 11 supply of high frequency electrosurgical energy 
25 to the active and return leads 15. 

3. The automatic control 10 for an electrosurgical generator 11 responsWe to 

10 the level of tissue impedance between active and return electrodes 12 and 13 of the 
electrosurgical generator 11 of Qaim 1 wherein the correlation circuit 27 is a dilBferential 
ampliGer 29 to receive the en^gy 30 calculations from the integrator 24 and a reference 
signal 26 in accord with the settmg of the user control 16, the dififercntial amplifier 29 to 
provide a feedback quantity 32 as a measure of the difiference between the energy 25 

15 calculations and the user control 16 setting for matching the electrosurgical generator 11 
supply of high frequency electrosurgical energy 25 to the active and return leads 15. 

4» The automatu: control 10 for an electrosurgical generator 11 responsive to 
the level of tissue unpedance between actwe and return electrodes 12 and 13 of the 
electrosurgical generator 11 of Claun 1 vilierein the dock 23 set units of tune which are 

20 about a millisecond thus providing feedback in real time to the electrosurgical generator 1 1 
for regulating the electrosurgical generator 11 supply of high frequency electrosurgical 
energy 25 to the active and return leads 15. 

5. The automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 

25 electrosurgical generator 11 of Qaim 1 wherein the integrator 24 calculates the energy 25 
applied over a unit of time or the area under the power curve of the electrosurgical 
generator 11 for each unit of time during the operation of the electrosurgical generator 1 1 
during desiccation of tissue between the electrodes. 

6. The automatic control 10 for an electrosurgical generator 11 responswe to 
30 the level of tissue impedance between acthre and return electrodes 12 and 13 of the 
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electrosurgical generator 11 of Qaim 5 wherein a bipolar electrode is connected to the 
acthre and return leads 15. 

7. The automatic control 10 for an electrosurgical generator 11 responshre to 
the level of tissue impedance between acUve and return electrodes 12 and 13 of the 
5 electrosurgical generator 11 of Claim 5 wherein monopolar electrodes are connected to the 
acth« and return leads IS. 

& The automatic control 10 for an electrosurgical generator 11 responsive to 
the level d[ tissue impedance between active and return electnxles 12 and 13 of the 
electrosurgical generator 11 of Claim 1 wherein the electrosurgical generator 11 output is 
10 terminated by altering the drive circuit 33 thereof so the supply of high Erequem^ 
electrosurgical energy 25 to the active and return leads 15 is automatically adjusted 

9. The automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 
electrosurgical generator 1 1 of Qaim 1 wherein the user control 16 has two added adjusters 

15 36 and 37 one for the number of packets of energy 40 and the other for a preset levd of 
energy 25 delhrered per packet 

10. Tlie automatic control 10 for an dectrosurgical generator 11 rcsponshre to 
the level of tissue impedance between acthre and return electrodes 12 and 13 of the 
electrosurgical generator 11 of Claim 9 wherein a counter 38 in the electrosurgical 

20 generator 11 assesses the number of packets of energy 40 deUvered against setting of the 
adjuster of the number of packets as estaUisbed by the user control 16 with a second 
comparator 39. 

11. The automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 

25 electrosurgical generator 11 of Claim 9 wherein the other adjuster for energy 25 level per 
packet is a potentiometer that provides a direct current voltage as the reference signal 26 
for energy 25 level 

12. The automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 

30 electrosurgical generator 11 of Qaim 10 wherein the counter 38 in the electrosurgical 
generator 11 assesses the number of padcets of energy 40 delh^ed against setting of the 
adjuster of the number of packets as established by the user control 16 with the second 
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comparator 39 and the total energy 2S delivered is a function of multiple packet sequences 
containing pubes wherein the time between the pulses b controlled by the user control 1& 
13. An automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue unpedance between active and return electrodes 12 and 13 of the 
5 electrosurgical generator 11 during tissue de»ccatk>n conqprising; 

an electrosurpcal generator 11 having an active lead 14 and a return lead 
IS to supply Ugh frequracy dectrosurgical energy 25. the dectrosurgv»l generator 11 
induding a user control 16 for setting the levd of energy 25 desired for dectrosurgei]^ 
a voltage sensing circuit 17 responsive to high frequency electrosur^cal 
10 energy 25 supplied by the electrosurgical generator 11 and flowing through the leads, the 
voltage sensing circuit 17 capable of providing a signal of voltage levd between the actWe 
and return leads 15; 

current sensing circuit 19 responsive to high frequency electrosurgical energy 
25 suppUed the electrosurgical generate^- 11 and flowing through the return lead IS, the 
IS current sensing circuit 19 capable of providing a s^al of current level 20; 

a multiplier 21 to receive the signals bom the voltage and current sendng 
circuits 19 and to multiply those signals together for calculatuig the power flowing through 
the leads of the electrosurgicd generator 11; 

a clock 23 for establishing units of time during which power flow calculated 
20 by the multiplier 21 is considered, the clock 23 for setting units of tune which are about a 
millisecond thus providing feedback in real time to the dectrosurgical generator 11 for 
regulating the electrosurgical generator 11 supply of high frequency dectrosuigjcal energy 
25 to the active and return leads 15; 

an integrator 24 to calculate the energy 25 supplied through the leads per 
2S each unit of time esublished by the clock 23 based on the instantaneous power 22 
calculations of the multiplier 21, the integrator 24 for calculating the energy 25 applied over 
a unit of time or the area under the power curve of the electrosurgical generator 11 for 
each unit of time during the operation of the electrosurgical generator 11 during desiccation 
of tissue between the electrodes; 
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a user control 16 for setting a reference signal 26 indicative of the eneigy 
25 level desired by the user, and 

a correlation drcuit 27 to receive the energy 30 calculations from the 
integrator 24 and a reference signal 26 in accord with the setdng of the user contrd 16, the 
5 oorrebtion circuit 27 to provide a feedback s^nal 28 to indicate when the eneigy 25 
calculation equals the user control 16 setting Sat altering the electrosurgical generator 11 
supply of high frequency electrosuigical energy 25 to the acthre and return leads 15 and 
wherein the correlation drcuit 27 is a comparator to recdve the energy 30 calculatk>ns from 
the int^rator 24 and a reference signal 26 in accord with the setting of the user control 16^ 

10 the conq>arator to provide a feedback signal 28 to indicate when the energy 25 calculation 
equals the user control 16 setting for terminating the electrosurgical generator 11 suppfy 
of high frequent^ electrosurgical energy 25 to the active and return leads 15 by altering the 
drive circuit 33 thereof so the suppfy of high frequency electrosurgical energy 25 to the 
active and return leads 15 is automatically adjusted. 

15 14. The automatic control 10 for an dectrosurgical generator 11 responsive to 

the level of tissue impedance between active and return electrodes 12 and 13 of the 
electrosuigical generator 11 of Qaim 13 wiierein the user control 16 has two added 
adjusters 36 and 37 one for the number of packets of eneigy 40 and the other for a preset 
level of eneigy 25 delivered per packet 

20 15. The automatic control 10 for an electrosuigical generator 11 responsive to 

the tevel of tissue impedance between active and return electrodes 12 and 13 of the 
electrosuigical generator 11 of Clafan 14 ixiierein a counter 38 m the electrosurpcal 
generator 1 1 assesses the number of packets of energy 40 delivered against setting of the 
adjuster of the number of padcets as established by the user control 16 with a second 

25 comparator 39. 

16. The automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 
electrosurgical generator 11 of Qaim 14 wherein the other adjuster for energy 25 level per 
packet is a potentiometer that provides a direct current voltage as the reference signal 26 

30 for energy 25 level. 

17. The automatic control 10 for an electrosuigical generator 11 responsh^ to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 
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dectrosurgical aerator 11 of Qaim 15 wberdn the counter 38 in the dectrosurgical 
generator 11 assesses the number of packets of energy 40 delivered against setting of the 
adjuster of the number of pactets as established by the user control 16 with the second 
ccnsparator 39 and the total eneigy 25 ddh^ered is a fimction of multii^ packet sequences 
5 containing pulses unrein the time between the pulses is controlled by the us^ control 1& 
1& A method of automatic controlling an dectrosurgical genmtor 11 in 
response to the level of tissue impedance between active and return electrodes 12 and 13 
of the electrosurgical generator 11 during tissue desiccation indudes the steps of: 

using an elearosurgical generator 11 having an active lead 14 and a letum 
10 lead 15 to supply high frequency dectrosurgical energy 25; 

setting a user control 16 on the electrosurgical generator 11 at the level of energy 
25 desired for dectrosurgeiy; 

providing a signal of vohage level between the active and return leads 15 
with a voltage sensing circuit 17 xesponsh^ to hi^ frequency electrosurgical energy 25 
15 supplied by the dectrosurgical generator 11 and flowing through the leads; 

providing a signal of cunent level 20 with a current sensmg drcuit 19 
re^nsive to hi^ frequency electrosuigicd energy 25 supplied by the electrasurgicd 
generator 11 and flowing through the return lead 15; 

cdculating the power flowing through the leads of the electrosur^cd 
20 generator 1 1 with a multiplier 21 receiving the signals from the voltage and current sensing 
circuits 19 and to multiply those signals together; 

establishing units of time with a dock 23 during the time which power flow 
calculated by the multiplier 21 is considered; 

calculating with an integrator 24 the energy 25 supplied through the leads 
25 per each um't of time establiAed by the dock 23 based on the instantaneous power 22 
cdculatbns of the multiplier 21; 

setting with a us» control 16 a reference s^gnd 26 indicative of the energy 
25 levd desired by the user; 

providing, with a correlation circuit 27 connected to receive the oiergy 30 
30 cdculations from the integrator 24 and the reference signd 26 m accord with the setting 
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of the user control 16, a feedback signal 28 to indicate when the energy 25 calculation 
equab the user control 16 settingi and 

altering the electrosurgical generator 11 supply of high frequency electrosurgical 
energy 2S to the acthre and return leads 15 in accord with the Esedback signal 2& 
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